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XXVII. Hydrogen Superfluidity
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Internet reports that the Harvard University physicists derived "metal” hydrogen having superconducting
properties. Below it is shown that they, in fact, experimentally discovered the existence of superfluid hydrogen
rather than superconducting one.
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XXVII.1. Case Study

Internet reports that the Harvard University physicists derived "metal" hydrogen having
superconducting properties.

How should we treat this report? According to quantum physicists, manufacturing of
conductors from "metal” hydrogen would allow for developing electrical networks of extremely
low resistance, i.e. extremely low losses of electrical energy.

This is not the first promise of a "quantum miracle” The first promises of "quantum miracles"
were made in the middle of the past century. One of them was development of super long-range
neutrino beam communication and super long-range neutrino telescopy. Another was to achieve
an energy "paradise™ by means of developing controlled light-nuclei power reactors.

However, none of these problems, despite of enormous intellectual efforts and material
resources, have even real hints at the possibility of fulfilling those promises.

This case reminds how a famous Asian folklore character Nasreddin Hodja for twenty years
had been fooling the narrow-minded Lord promising to teach his stubborn long-eared companion
to speak human language for a high pay [1]. He explained the term of twenty years by the fact
that it is very difficult.

Using Nasreddin Hodja's fictional experience, the global quantum physics have been fooling
its Lords for over seventy years convincing them that solutions for the neutrino and
thermonuclear problems are delayed because of big technical difficulties and concealing the true
reason: inadequacy of the quantum paradigm. Experimental evidence as to this paradigm
inadequacy was obtained back in 1979 [2] but the quantum physics still keeps persistently
concealing it.

There is a long-established case in the physics where valid theoretical results go along with
many invalid theoretical and practical findings. Experimental evidence as to the quantum
paradigm invalidity [2] led to the necessity of verifying the quantum argument that it is
impossible in principle to build a microworld theory using methods of the "classical™ physics.

The theory of non-linear oscillations using methods of the "classical™ physics found that the
quantum paradigm is invalid because of the neglect of ether and its resistance to motion of
microobjects in the microworld theory, and the neglect of magnetic interactions between the
microobjects.

Because of these mistakes, in the beginning of the past century, the physics failed to build an
adequate mathematical model of the simplest atom of non-excited protium. As a result of this
failure the physics made the conclusion that it is impossible methods in principle to learn the
microworld structure with methods of the "classical” physics. Following the consideration of
ether and magnetic interactions, the theory of non-linear oscillations succeeded in many of things
that the quantum theory failed in [3-18].

The theory of non-linear oscillations established the primary cause of all mistakes by the
qguantum theory resulting from the neglect of ether and magnetic interactions is due to two
principal theoretical mistakes made by the physics two centuries ago.
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One of the grossest fundamental physical mistakes was made in interpreting the results of
Fizeau's (1851) and Michelson's (1881) experiments [3]. In his simple and quite illustrative
experiment, Fizeau obtained a proof of ether existence. Apart from this proof, the experiment
results hinted at a way of elaborating a valid substantial understanding of light refraction
phenomenon. However, physicists short of the academic education failed to understand both and
perceived the proof of ether existence as the proof of its absence [19].

Michelson's experiment, as found by the theory of non-linear oscillations, appeared to be
incapable of neither proving nor disproving the ether existence [3]. Nevertheless, following an
irresponsive and unskilled interpretation of its results, physicists concluded that there is no ether
in nature. Physicists still have not found out this primitive mistake describing the experiment as a
reference one in all textbooks.

Another fundamental physical mistake of principle was made when interpreting the results of
Oersted's experiment (1821). Back then it was yet unknown that electrons, as well as other
material carriers of electrical charges, have also self-magnetic fields. That is why Ampere
concluded that magnetism results from motion of electrical charges.

Years later, it became known that electrons have self-magnetic fields. This meant that motion
of electrons is accompanied not only with motion electrical charges but also with motion of
magnetic fields. Asa result, the case in Oersted's experiment took a twist: Ampere's conclusion
that electricity is a primary phenomenon appeared to be ungrounded. But physicists did not
notice it since over the last years they started to treat Ampere's conclusion of the primary nature
of electricity as an inviolable canon unconsciously confirming an inadequate level of their
scientific skills [4].

Physicists stay proud of these "achievements" while such results would make an honest
scientist not to know where to put himself because of his qualification.

As for long-suffering neutrino and thermonuclear problems, the true causes for super-long
failures appeared to be theoretical mistakes rather than technical difficulties of building
experimental arrangements.

In case with the neutrino problem: the impossibility in principle to achieve the right
understanding of the neutron-to-proton transformation reaction within the framework of the
quantum theory [9]. In case with the thermonuclear problem: the impossibility in principle to
achieve the right understanding of actual thermonuclear energy release reactions in a "hydrogen"
bomb due to the quantum paradigm inadequacy [13].

Because of the same mistakes, Harvard physicists, having experimentally discovered
hydrogen superfluidity, took it for superconductivity.

The quantum theory believes that ambient pressure can completely ionize hydrogen, having
transformed it into a multitude of free protons and electrons, and that further increase in this
pressure may render this multitude of protons and electrons into "metal” hydrogen having
superconducting properties.

Let us check how fair and adequate these quantum concepts are using the methods of
"classical" physics — the methods of the theory of non-linear oscillations.

To begin, we remind how big is the difference between the quantum and "classical™ visual
images of hydrogen atom.

XXVI1.2. Non-Excited Atom of Hydrogen
Physicists successfully clarified which elements an atom of hydrogen consists of. However,
having neglected magnetic interactions between proton and electron, they failed to understand
the real structure of the atom. Instead of an adequate visual image of this atom, they used a
vague, probabilistic pattern of electron arrangement relatively to proton, wherein the electron



position is spread over the entire region with proton in the center. However, they argued with an
unprecedented perseverance that this is what the Nature actually is.

This strongly confused such grand “classical” physicists as Planck, de Broglie, Einstein,
Bohm, etc., who gained their physical science skills based on a distinct visualization of
individual objects being studied. However, a younger generation of physicists who lacked a
distinct "classical™ visual intuition wickedly mocked them and, having set aside distinct
"classical™ images of studied objects, preferred unclear, vague images of the quantum theory.

Much time had passed until the experiment [2], which results constituted a non-competitive
proof of the absence of indivisible energy quanta in the material world. Apparently, it scared
physicists so much that, despite of the fact that the results were published in a central academic
physical journal, did not "notice" these results.

The theory of non-linear oscillations that has remained loyal to Newton's methods, the
methods of the "classical" physics, found that the quantum physics failed to build a "classical”
model of hydrogen atom because of the neglect of ether and its resistance to motion of
microobjects and disregard of magnetic interactions between microobjects. Having this found, it
built an adequate model of hydrogen atom. This model appeared to be extremely simple and
illustrative [3].

Non-excited atom of protium consists of one proton and one electron. Proton has a single
"positive” electrical charge (+e), electron has a single "negative" electrical charge (-¢). Proton
and electron have self-magnetic fields with magnetic moment vectors g, and u.. Due to magnetic
orientation effect [20], vectors u, and u. are arranged on a straight line crossing proton and
electron (fig.1, o is for proton, « is for electron, arrows show the magnetic moment vectors of
proton and electron):
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Fig. 1

There is electrical attraction force ax > (a=¢” , x is distance between proton and electron)
between proton and electron, and due to proton and electron being diamagnetic substances,
magnetic repulsion force x> (B=yupite)-

This protium model has the only globally stable (because ether is considered) state of
equilibrium, in which, under normal atmospheric pressure and in the absence of external
influences, x=x*=5.292-10""'m, i.e. Bohr radius.

XXVI11.3. Non-excited Atom of Hydrogen
Under the Ambient Pressure

lonization of protium, that is, disintegration of this atom into free proton and free neutron
may happen at increase in the distance between proton and electron or at impact collapse of
magnetic bonds between proton and electron. Can this collapse of magnetic bonds happen in the
result of an increase in ambient pressure?

When ambient pressure on protium exceeds the normal atmospheric pressure, the ambient
pressure generates value f that is added to electrical attraction e between proton and electron.
This makes atom contract: x* becomes less than the Bohr radius.

Is there such ambient pressure at which magnetic bonds between proton and electron break
so that hydrogen atoms become ionized, that is, disperse into free protons and electrons?

There is now direct answer to this question as "pressure” is a collective term that belongs to a
great number of microobjects rather than to an individual one. However, alongside with the
collective term of "pressure”, there are individual terms of "work and “energy" applicable to
individual microobjects. "Energy" is a dynamic term, which contents can be expanded through



analysis of objects in motion. "Work" is a static term that describes quantity of energy required
to move a material object by means of proportional action.

Let us try to find an answer to the posed question using the terms of “energy" and "work".
Experiments on collision of high-energy protons and electrons, apparently, have not been
conducted. However, we know results of experiments on collision of two high-energy protons.

It has been established in experiments that at a collision of two protons approaching each
other with energy of 290 MeV, one of the protons disintegrates into neutron and antielectron.

The quantum physics does not know that proton is not an elementary but a composite
microobject: a symbiosis of neutron and antielectron (Fig. 2) [3]. Therefore, it mistakenly
decided that neutron and positron appear in a reaction of collision of two protons instead of one
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Fig.2. Neutron-antielectron
structure of proton

We will not dwell on this subject in details: there written enough written about it.

All protons have the same structures but differ from each other, in our opinion,
insignificantly, by insensible degrees, in their parameters. We do not notice these differences.
But they are the reason why only one proton collapses in an observed collision of protons at
290MeV, while another, having a similar structure, was close to collapse.

This is explained by the fact that proton consists of neutron and antielectron bound together
by magnetic interactions, and that there is magnetic repulsion between approaching protons. That
is why, when protons are approaching each other, their antielectrons are distancing from their
neutrons. Because of microscopic differences of their parameters from each other, the distancing
ranges differ. The proton wherein this value is bigger disintegrates first. If the approach energy is
a bit increased, both protons should disintegrate. This means that the biding energy between
neutron and antielectron in proton is close to 145 MeV rather than to 290 MeV.

The quantum theory cannot understand this as it believes that all protons are identical.

One of the protons approaching at 290 MeV disintegrates when the distance between them is
3.96:10"°* m. Before one of the approaching protons collapse they become subject to a strong
magnetic repulsion (electrical repulsion is much weaker here) between them. And since only
magnetic interactions bind neutron and antielectron in proton, when magnetic interactions
between protons cease to exist, one the protons would not disintegrate at approach. Therefore,
during the said approach, magnetic interactions between protons would remain without
disintegration.

If the energy biding neutron and antielectron in proton is really close to 145MeV, increasing
ambient pressure would make proton disintegrate into neutron and antielectron when electron is
steadily approaching proton in hydrogen atom at x=1.62-10""*m. In such case, there would only
neutron remain from the hydrogen atom while electron and antielectron, having combined into
photon, would leave the volume containing the hydrogen atom.



This means that while electron and proton are approaching each other, an increasing
ambient pressure does not result in ionization of hydrogen atom, that is, does not result in
its disintegration into free proton and electron.

Thus, a huge increase in ambient pressure to critical value P turns a multitude of hydrogen
atoms into a respective multitude of neutrons while electrically charged electrons and
antielectrons "flash out™ as photons. If ambient pressure is below P, protium atoms contract but
keep their structures.

However, in the experiment by Harvard physicists, a high pressure was associated with a
sharp decrease in electrical resistance. This is completely unclear without ionization of hydrogen
atoms. What is happening? Let us try to find out what role hydrogen molecules could play in
this.

XXVIIl.4. Hydrogen Molecules
and Hydrogen Conductivity
Under High Ambient Pressure

What could explain the sharp decrease in electrical resistance of hydrogen under high
ambient pressure as observed by the Harvard physicists?

Because of misinterpretation of Oersted's experiment results (1821) by Ampere, the physics
for over a century has been neglecting magnetic interactions between microobjects in the
microworld theory. The quantum physics does not recognize that such neglect greatly decreases
the accuracy of its quantitative calculations and distorts the true understanding of results of
studies being conducted. In order to compensate these mistakes, at least in part, the quantum
theory switched to using sophisticated concepts, such as "neutrino™ and "spin".

XXVIIL.4.1. Hydrogen Molecules
Under Normal Atmospheric Pressure —
Orthohydrogen and Parahydrogen

Under normal atmospheric pressure, each hydrogen molecule consists of not more than two
atoms. W. Heisenberg and F. Hund assumed that hydrogen molecules could exist in two different
forms. They called these molecules orthohydrogen and parahydrogen. They called
orthohydrogen those molecules wherein proton spins are parallel to each other, and
parahydrogen — those with antiparallel proton spins [21]. The existence of two types of hydrogen
molecules has been proven by experiments [22].

The theory of non-linear oscillations found out that W. Heisenberg's and F. Hund's quantum
hypothesis on structure of parahydrogen was wrong.

According to the theory of non-linear oscillations using the methods of the “classical”
physics, both protons and both electrons of each molecule, due to self-magnetism of proton and
electron, and magnetic orientation effect, are arranged on the same straight line. Their magnetic
moment vectors are arranged on the same straight line. The study conducted by the theory of
non-linear oscillations showed that hydrogen molecules indeed could have two different
structures. One of them has a stable static equilibrium with a structure shown on Figure 3 (o is
for proton, « is for electron, arrows shows magnetic moment vectors):
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Fig.3

Magnetic fields of protons here have the same directions. Therefore, this version of hydrogen
molecule may be conventionally identified with orthohydrogen.
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Hydrogen molecule of a different structure has no state of static equilibrium. It exists while all
its elements are in constant sustained periodic oscillations along the straight line where the
elements are. It happens as follows. After one of the semi-periods is completed, the molecule has a
shape shown on Figure 4:
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Fig.4

In a new semi-period, the right electron starts approaching the right proton, while the left
proton and electron start distancing from the right proton. As a result, almost instantly, the sum of
magnetic fields of the left proton and both electrons in the point where the right proton is takes the
same direction as the one of the right proton magnetic field, and, due to proton being a diamagnetic
substance, the right proton magnetic field turns upside down as shown on Figure 5:
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Fig.5

Following this, the next semi-period of motion of the molecule elements begins. In this semi-
period, the left electron and proton are approaching the right proton, while the right electron is
distancing from the right proton. As a result, magnetic field of the right proton, at the end of this
semi-period, turns upside down again completing the whole period, and the molecule structure
reverts to the original state.

Such continuous "shuttling" of the magnetic field direction of one of the parahydrogen molecule protons
should generate a very specific electromagnetic wave radiation very similar to mysterious flicker noise the
true nature of which has not been reliably established yet.

This molecule, as opposed to the first one, should be considered parahydrogen. Bu the
parahydrogen definition by Heisenberg and Hund does not work here, in the "classical” microworld
theory.

Since, in W. Shakespeare's opinion, "modest doubt is called the beacon of the wise", Heisenberg's
and Hund's mistake once again proves that the quantum theory results should be treated with
"modest doubt".

XXVI1.4.2. Hydrogen Molecules
Under High Ambient Pressure

By its electrical properties, molecular hydrogen belongs to dielectrics, i.e. low conductivity
substances. The above shows that high ambient pressure does not result in ionization of
hydrogen atoms, that in such situation it may disintegrate into neutrons and photons only. This
does not make it possible to understand the reasons behind the huge drop of hydrogen
conductivity under a very high pressure as observed by the Harvard physicists.

Apparently, the only possibility to understand this result is associated with the discovery (in
XXVII.3) that ambient pressure decreases the size of hydrogen atom increasing electrical
attraction between proton and electron.

Ambient pressure decreases not only the size of hydrogen atoms but also the distances
between them. This should lead to formation of "one-dimensional” hydrogen molecules of
macroscopic length (fig. 6):
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XXVI11.4.3. Discovery of
Hydrogen Superfluidity
Hydrogen molecules shown on Figure 6 have all superfluidity properties: they are "one-
dimensional”, of macroscopic length, tend to straighten within a confined volume under
magnetic interactions between them and their elements, and magnetic orientation effect, which
makes them quite densely fill the whole volume, and since elements of this super-long molecule
are bound by electrical and magnetic interactions, any external disturbances spread over the
whole volume at the rate of electromagnetic interactions.
Thus, the Harvard physicists experimentally discovered hydrogen superfluidity long hidden
from researchers but due to being short of the “classical™ education took it for superconductivity.

o

Scientific competence and intuition. The lack of the necessary "classical" education and effective "classical”
physical intuition is a misfortune of the entire global physics, including such big names as Planck, de Broglie,
Einstein, and other less famous physicists having the "classical" background. Even the grandees of the global
physics in their time could not gain an adequate understanding of the structure of the simplest composite
microobject, that is, protium, which adequate mathematical model appeared to be so simple and trivial that we have
to speak about it over the feeling of awkwardness.

At first sight, the quantum physics is full of contradictions. At dawn of the quantum theory, its famous creator
soften admitted that the quantum formalism allowing for effective calculations was built due to their excellent
knowledge of the “classical™ physics.

At the same time, English physicist Davy argued that "one good experiment is worth more than the inventive
power of Newton's mind ". His followers agreed to it [23,24] and scornfully called "mechanistic" the physical
methods that utilize Newtonian formalism [25].

People of the same community made these statements. How one can understand the negligence of what one well
knows? It would be understandable if we spoke of different disciplines or different theories of the physics. Recalling
the evolution of the physics, it becomes obvious that the statements above deal with the physical theories of
different levels, with different physical disciplines.

Day-to-day hassles make one forget that two disciplines emerged in the physics in the first half of the past
century, which had essentially different quantitative formalisms: the quantum physics of microworld and the theory
of non-linear oscillations.

Both disciplines developed their quantitative research methods based on different formalisms used by the
"classical" physics. The quantum theory of microworld developed its own formalism based on the conservative
formalism of the physics. Since the conservative formalism of the physics does not consider energy losses in motion
of material objects, it is an inaccurate, inadequate quantitative means. The quantum theory inherited this inadequacy
together with the conservative formalism of the physics. This inadequacy manifested itself in interpretation of the
results of the experimental study of "the black body". To allow for properly understanding this experiment results,
the physics had to use the hypothesis of indivisible energy quanta. But this hypothesis appeared to be wrong [2]. So
it did not save the quantum theory from the approximate status. The true cause of the approximate nature of the
quantum theory was that its paradigm did not consider material ether with its resistance to motion of microobjects.
Because of this, the quantum theory lacks such concepts as "transient motion" and "steadiness". This became
apparent in many theoretical results and primarily in the incapability of building an adequate mathematical model of
the simplest atom of protium, and, in practice, in the Chernobyl tragedy.

Physicists scornfully call "mechanistic" Newton's quantitative methods adopted for studying of real dissipative
systems. In this negligence, one could feel an explicit jealousy to the effectiveness of the Newtonian formalism
since the macroworld physics was not able to use this formalism and build an adequate model at least of the simplest
atom of protium. Effectively using and developing the Newtonian formalism of "classical" physics, the theory of
non-linear oscillations, had been constantly extending the range of phenomena it studied, and proved in practice the
dissipativity of real processes in the material world [26-28],

The originators of the theory of non-linear oscillations, academicians Mandelstam and Andronov with their
students and followers, using multiple case studies, developed a case-based education system of "classical"
competence, "classical” physical intuition, which made possible to develop the Newtonian formalism-based
"classical™ microworld theory set forth in lay terms in [3-18].

The physical science treated superficially and ignored such a case-based education system of physical method
competence academician Mandelstam urged to adopt in the middle of the past century [29].

Competence and intuition are not inherited qualities. They are gained in the result of multiple case studies.

Renowned Agatha Christie was able clearly and illustratively to tell her readers what intuition is and how one
can develop it. "Intuition is like a habit to read words without spelling them letter by letter. A child cannot do it
because it has too little experience. But an adult person can recognize a word at a glance because he saw it many
times".



There are several different superfluidity phenomena: in liquid helium-4, in liquid helium-3, and
in "neutron fluid" in "neutron stars". All of them were discovered experimentally. First, the
superfluidity of helium-4 was discovered. A superfluid component occurs in *He when T<2.17 K and
saturated vapor pressure is 38.8 mm of mercury.

The discovery of superfluidity in helium-3 encountered stronger technical challenges and
happened later. In ®He, superfluidity occurs when 7<2,6:10 K and saturated vapor pressure is
2.58:10* mm of mercury (34 atm).

Superfluidity properties of these substances formally resemble each other. Hydrogen
superfluidity also qualitatively resembles them. Why do this qualitative similarity and
quantitative differences in the phenomenon characteristics exist? And why does superfluidity
need such high ambient pressures to exist?

A formal resemblance primarily takes place because of the fact that these superfluidities are
due to the presence of "one-dimensional” polyatomic molecules of macroscopic length that
exceeds the dimensions of vessels, and that elements of these superfluid molecules are bound
together by electrical and magnetic interactions. Electrical interactions generate forces of
attraction between elements of these molecules while magnetic interactions that prevent these
elements from approaching each other too closely serve as springs tending to straighten these
super-long molecules. All usual, seemingly incompatible superfluidity properties are completely
explained by this specificity of superfluid molecules [6].

The differences of quantitative characteristics are explained primarily by the fact that the
atoms of super-long superfluid helium and hydrogen molecules have different coulombian dipole
properties. This is due to two factors: the structure of atomic nuclei and number of electrons.

The “He nucleus contains two protons and two neutrons, and the atom's "electron
cloud" contains two electrons. The magnetic field of the nucleus also consists of two
nucleonic magnetic clusters, each of which consists of the magnetic field of proton with
magnetic moment vector y, and neutron with magnetic moment vector u, (fig.7).
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Fig.7. Nucleonic magnetic clusters of *He nucleus

As proton is a diamagnetic substance, and neutron is a paramagnetic substance, the
sum magnetic moment vector of this cluster is yup=pp—pn.

Both electrons in the atom of superfluid molecule of *He are on the same nucleonic
magnetic cluster, on the same side from the nucleus (fig. 8, @) -is for 4He nucleus, o is for
electron).
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Fig.8

The 3He nucleus contains two protons and one neutron, and the "electron cloud" also
contains two electrons. The magnetic field of the nucleus also consists of two nucleonic
magnetic clusters. One of them consists only of proton while another consists of proton and
neutron (fig. 9). As the distance from the nearest electron to the nucleus exceeds the
nucleus diameter by four orders, both the nearest and the farthest electrons react to the
magnetic field of this nucleus as if they have only one magnetic cluster with magnetic
moment vector u(3He)=2pp-pin.

Fig.9. Nucleonic magnetic clusters of 3He nucleus

Both electrons in the atom of superfluid molecule of 3He are on the same nucleonic
magnetic cluster, on the same side from the nucleus (fig. 10, 3) - is for 3He nucleus).
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Fig.10

Arrangement of electrons in relation to helium nuclei on Figures 8 and 10 differs but
slightly. Of course, it has its part in the difference of quantitative characteristics of
superfluid molecules of *He and 3He. But what makes a considerable contribution to these
difference is that the magnetic moment vector of the nucleus on Figure 10 is twice as large
as the magnetic moment vector on Figure 8 (u(3He)=2up—pn, u(*He)=tp-tn, un=3-10"*up).

Under the normal ambient pressure, such value of y(3He) prevents atoms of 3He from
uniting into superfluid molecule as in such case the magnetic repulsion between the atoms
is stronger than the electrical attraction. This is compensated if only the ambient pressure
is high enough to increase the attraction between the atoms.

As regards hydrogen superfluidity, the study showed that orthohydrogen and
parahydrogen take no part in building of superfluid molecules. It emerged that superfluid
hydrogen molecules have structure shown on Figure 11. Under the atmospheric pressure,
these molecules do not form because magnetic repulsion between atoms is stronger than
electrical attraction.
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Fig.11

Attraction between atoms becomes stronger under ambient pressure. Due to this, under
sufficiently high ambient pressure, superfluid hydrogen molecules form.
The Harvard physicists has proven this in experiments.
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There is the strongest gravity pressure in "neutron stars". As a result, protons disperse
into neutrons and antielectrons. Antielectrons, together with electrons unite into photons
and flash out. The gravity pressure makes neutrons approach each other to such distances
at which nucleonic repulsion acts between neighboring neutrons. Because of this, a
multitude of neutrons behaves like fluid. But neutrons are paramagnetic substances, and
there is magnetic attraction between them. Neutron and magnetic interactions make
neutrons in "neutron fluid" unite into "one-dimensional” chains of macroscopic length that
due to the magnetic orientation effect tend to take a straighten with all that entails. This all
results in neutron superfluidity that exists in "neutron stars" [6].
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XXVII. CBepxTeKy4ecTb BOAOPOJA

H.H. Jleonos

B HurepHere mosiBHIOCH coobuieHne o ToM, 4To (usnku ['apBapackoro yHHBepcHTeTa BIEPBBIE IMOJIYYHIN
«METANTMYECKUI» BOJOPOA, OOJIAAIOIINA CBOWCTBOM CBEPXNPOBOAMMOCTH. Hipke mokasaHo, 4TO OHH, B
JEWCTBUTEIILHOCTH, SKCIIEPUMEHTAIbHO OOHAPYKWIN CYIIECTBOBAHWE HE CBEPXIIPOBOSIIETO, & CBEPXTEKY4ero
BOJIOPO/IA.

°

XXVIIl.1. AHan1u3 cuTyanuu

B HutepHere mosBUIOCH coOOLIeHHE O TOM, 4To (u3uku ['apBaplcKoro yHHBEpcHTETa
MOJIYYMIIH «METAJUTMUECKHID» BOJIOPO/, 00Ia1at0uii CBOMCTBOM CBEPXITPOBOAMMOCTH.

Kak otHocuThCst K 3TOMYy coobmieHuio? Ilo cioBaM KBaHTOBBIX (PU3MKOB, M3TOTOBIIEHUE
IIPOBOJTHUKOB M3 «METAJUIMYECKOTO» BOJIOPOJA TIO3BOJIUT CO3[aBAaTh JJIEKTPOCETH C
YpE3BbIYAWHO HU3KUM JJIEKTPUYECKUM COINPOTUBICHUEM, T.€. C YPE3BBIYAWHO HU3KUMU
MOTEPSIMU  DJIEKTPOIHEPTUN.

OT0 — HE mepBoe OOellaHue «KBAaHTOBOTO 4yia». IlepBble oOemaHus «KBaHTOBBIX» UYJEC
ObUIM cenaHbl B CpeAMHE MpOLUIOro Beka. B ogHoM w3 HUX HaMm oOemanu co3laHue
CBEpXJAJIbHEW HEUTPUHHOW CBA3M WM CBEPXJAJIbHEH HEUTPUHHOW Telleckonmuu. B npyrom —
CO3/IaHHE JHEPreTUYECKOro «pas» C TOMOIIbI0 pa3paboTKU YIPaBISIEMbIX SHEPreTHUECKUX
PEaKTOPOB Ha JIETKUX SApax.

OpnHako, HU B OJIHOM M3 3THUX MPOOJIEM, HECMOTPS Ha OTPOMHBIE 3aTPaThl MHTEIIEKTYaIbHBIX
CUJI U MAaTEpHUAIBHBIX CPEICTB, HE IOJYYEHBbl JaXK€ pPEAJbHbIE HAMEKM Ha BO3MOYKHOCTH
BBITIOJIHEHUS DTUX OOCIaHnid.

0

OTa cuTyalus CUJIbHO HAallOMMHAET TO, KaK M3BECTHBIM a3uaTcKuil (oibKIOpHBIM XoKa
Hacpepnun nBaaunate ner aypaunn Henanekoro [loBenmutens, oOemias 3a BBICOKYIO IUIATy
BBIYYUTh YEJIOBEYECKOMY S3bIKY CBOEro YHNPAMOTo IMHHOyXoro cnyTtHuka [l1]. Cpok B
JIBA/ILATH JIET OH 0OOCHOBBIBAJ TE€M, YTO 3TO OYEHb TPYIHO.

Hcrnonb3yst BEIMBIILICHHBIH onbIT X0k Hacpennnua, MupoBasi KBaHTOBast (pusuka Oosiee
CEMUJECATHU JIET AypaduT cBoux IloBenureneil, yBepss UX B TOM, YTO PEIICHUS HEUTPUHHOU U
TEPMOSIIEPHO MTPOOIIEM 3a/1€PKUBAIOTCS U3-3a OTPOMHBIX TEXHUYECKUX TPYIAHOCTEN, U CKphIBas
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UCTUHHYIO NPUYMHY - HEaJeKBaTHOCTb KBAaHTOBOW NapagurMbl. OKCIEPUMEHTAIbHOE
JIOKa3aTeJIbCTBO HEAJACKBATHOCTH 3TOM MapaaurMbl ObLI0 TosrydeHo emé B 1979r [2], Ho 10 cux
1Op KBAaHTOBOM (PM3UKOI YIIOPHO CKPBIBAETCSI.

°

B ¢wusuke  yxe [gaBHO CIOXWJIAch CHTyalus, B KOTOpPOH, Hapsay C BEPHBIMH
TEOPETUUYECKUMH, HEMall0 W OHIMOOYHBIX TEOPETUYECKUX U MPAKTUYECKUX PE3yIbTaToB.
DKCTIEpUMEHTAIBHOE JIOKA3aTeIbCTBO OMIMOOYHOCTH KBAHTOBOW Mapagurmel [2] mpuBeno K
HEOOXOJUMOCTH TMPOBEPKH MCTUHHOCTH KBAaHTOBOI'O YTBEPXKICHUS O NPUHLUIUAIBHON
HEBO3MO>KHOCTH IIOCTPOEHHMSI TEOPUM MUKPOMHMpA C IIOMOIIBIO METOJIOB «KJIACCUYECKOW»
bu3HKH.

Teopuss HENIWHEHHBIX KOJNICOAHWH, HCHOJB3YIOMIAs METONbl «KJIACCHYECKON» (U3UKH,
oOHapyXWjla, YTO KBaHTOBas MapagurmMa ommMbo4YHa H3-3a OTKa3a OT y4yera, B TEOpUHU
MHUKpOMHpa, 3(upa, C €ro CONpOTHBICHHEM ABIKEHHIO MHKPOOOBEKTOB, M M3-32 OTKa3a OT
yueTa MarHUTHBIX B3aUMOAECUCTBUI MeX1y 00bEKTaMH MUKPOMUPA.

N3-3a aTux ommbok, pu3nka, B Hayajle MpOoILIOro BeKa, HE CyMella MOCTPOUTh aJI€KBATHYIO
MaTeMaTHUYeCKyl0 MOJENb MPOCTeillllero aromMa — HEBO30YXJIEHHOro aromMa npoTus. B
pe3yabTaTe 3TOM HEYMEJIOCTH, OHA M IMPHIUIA K BBIBOAY O MPUHIMITAAIBHON HECTIOCOOHOCTH
METOJIOB «KJIACCUYECKOW» (PU3UKHU MO3HATH YCTPOICTBO MUKpoMUpa. B pe3ynbraTte ydyera aupa
M MarHUTHBIX B3aUMOJICHCTBUM, TEOPHUs HEJIMHEHHBIX KOJEOaHUNH MHOroe M3 TOr0, YTO HE
yIaJI0Ch KBAHTOBOM TE€OPHH, cieiaina ycnemHo [3-18].

Teopuss HenmUHEHWHBIX KoOJNEOAHWI yCTaHOBHWJIA, YTO TIEPBOIPHYMHA BCEX OMIMOOK
KBAaHTOBOI TEOpPHUH, BBI3BAHHBIX OTKAa30M OT y4yeTa 3¢upa M MarHUTHBIX B3aUMOJICHCTBUH,
00ycIIoBJIEHA IBYMS IPUHIMIHAIBHBIMA TEOPETUYECKUMU OLIMOKaMU, JONYIIEHHBIMUA (PU3UKOI
enl€ B O3aIpoILIIOM BEKE.

°

Onna w3 rpyOeimux (¢yHIAMEHTAIbHBIX (U3MUecKMX OMmMOOK Ciydyujach Hpu
MHTEPIIpETAllUU pe3yibTaToB 3kcnepuMenToB duzo (1851r) nu Maiikenbcona (1881r) [3]. ®uzo
B CBOEM TI'€HHAJILHOM, IIPOCTOM M BECbMa HAIJISTHOM JKCIEPUMEHTE IOJIyYns J0Ka3aTeIbCTBO
cymecTBoBaHus 3¢upa. OpHako, (QU3MKH, TOJYYUB, TPU HHTEPHPETALUN PE3YJIbTAaTOB
JKCIepUMeHTa, (GopMyny ans kod(pduUIMeHTa NPEeNTOMIICHHs CBETa, MPUHSUIN PEIIEHUE O TOM,
YTO TU PE3YNIBTATHI CBUJIETEILCTBYIOT 00 OTCYTCTBUU peasibHoro ¢upa B [Ipuposme [19]!

Ho, nipu BeIBOzIE 3TOI (pOpMyIiBl, (PU3UKK UCIONB30BATIH MOHATHE «IIOTHOCTH ONTHYECKOM
cpeapl». M B oskcmepumente ®Puzo, M B NOCIHEAYIOLIEM 3KcnepuMeHTe MaiikenbcoHa,
poBepsIach TUIIOTE3a O TOM, MOXKET JIM 3QHP ObITh MaTepHaTbHBIM HOCUTEIEM CBETOBBIX BOJIH.
O6 »>TOM OBUTO YETKO 3asBJICHO B 000MX dKcrmepuMeHTax. CieaoBaTelbHO, MO «ONTUYECKON
Cpeoi» B ATUX SKCIIEPUMEHTAaX MOHUMAJICS 3Pup.

Kpome nokasarenbcTBa cyliecTBoBaHMs 3¢dupa, U3 sKcrepumeHta Puzo cienyer, 4To
IpUpojia SBJICHUS MPETOMJICHHUS CBETa Ha TPaHMIIe Cpell OOBACHSAETCS TEM, YTO B ITHX Cpelax
MJIOTHOCTH 3(upa WMEIOT pa3Hble 3Ha4deHUs. J[eWCTBUTENBbHO, B BOJIE, MCIOJIb30BABIICHCS B
3TOM 3KCIIEPUMEHTE, B Pa3HbIX TPYOKaX IUIOTHOCTh BOJBI M IJIOTHOCTH 3¢pupa oguHakoBbl. Ho,
CBET, B pPa3HbIX TPyOKax, ABMXKETCS B Pa3HbIX HAIPABIIEHUSX, 10 OTHOIIECHUIO K HAIpPaBICHUIO
JBWOKEeHUS BoJbl. Crie1oBaTeNbHO. BCTPEYHBIE, 10 OTHOLICHHIO K CBETY, TOTOKU BOJIBI U 3(upa B
pa3HbIX TpyOKax UMEIOT pa3Hble 3HaYEHHSI TNIOTHOCTH.

['ennanbHple  (QU3HMKH, «BEJIHMKOJEIHO» 3HAIOLINE «KJIACCHYECKYI0» (DU3HMKY, 3TOTO
TPUBHAIBHOTO (aKTa J0 CHX MOp HE MOHSIIH.

°

OxcnepuMeHT MaiikenbCoHa, Kak OOHapyKujia Teopus HEeJIMHEHHBIX KoJeOaHUM, oka3aics
HE crocoOeH HM MOJTBEPAMTh, HU ONPOBEPTHYTH cymiecTBoBaHue 3¢upa [3]. Tem He MeHee,
¢bu3uKnu, B pe3yiabTare OE30TBETCTBEHHOM W HEKBATM(HUIIMPOBAHHOW HWHTEPIPETALUA €T0
pe3ybTaToOB, MPUILIM K BbIBOAY 00 oTcyrctBuu 3¢dupa B Ilpupome. DTOi NpUMHUTHBHOU
ommOKu (U3NKKA 10 CHX IMOp HE OOHApYKWUJIH, XapaKTepus3ys, BO BCeX YYEOHHKAx, 3TOT
HKCIEPUMEHT KaK 00pa3IOBbIi.
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Hpyras npuHuunuanbHas (yHIaMeHTanbHas (u3ndeckas omunOKa mpou3ouuIa IpU
MHTEPIIPETALIUU PE3YJIbTaTOB 3KcnepuMenTa Jpcrena (1821r). B Te BpemeHa emé He 3Hanu, 4To
3JIEKTPOHBI, U JIpyrue MaTepuajbHble HOCUTEIM SJIEKTPUUECKUX 3apsioB, 00JajaroT ewmeé u
COOCTBEHHBIMM MarHUTHbIMM nojsiMu. [loaToMy Ammep mpuien K BbIBOLY, YTO MAarHeTU3M
IIPOUCXOIUT OT IBUIKEHUS DJIEKTPUUECKUX 3apsiiOB.

Cnyctss roipl, CTajlo M3BECTHO O TOM, YTO JJIEKTPOHBI 00JIaal0T COOCTBEHHBIMU
MarHUTHBIMH IOJSIMU. DTO 03HAYajl0, YTO IBHKEHHUE DJIEKTPOHOB COIPOBOXKIAETCS HE TOJBKO
JBUKEHUEM 3JIEKTPUUECKUX 3apsA0B, HO U JBMKEHUEM MAarHUTHBIX NoJeil. B pesynpraTe 3T0TO,
CUTyalusi B DKCIEPUMEHTE OpcTela PEe3KO M3MEHWIACh — BBIBOA AMIEpa O NEPBUYHOCTU
AIIEKTPUYECTBA OKazajcs He o0ocHoBaH. Ho ¢u3uku He oOpaTuin Ha 3TO BHUMAHUS, TaK KaK 3a
IIPOLIEIIINE TOABI CTAIM OTHOCUTBCS K BBIBOAY AMIIEpa O MEPBUYHOCTU IEKTPUYECTBA KaK K
HE3bIOJICHHOMY EPKOBHOMY KaHOHY, HEOCO3HAaHHO TMOATBEp)KJIasi HEIOCTATOYHBIA YpPOBEHb
CBOEH HayuHO kBanuukanuu [4].

0

@U3KKH POJOJDKAIOT TOPAUTHCS ITUMH «IOCTHKEHUSMN», TOTJa KaK YECTHBIN YUEHBIN OT

TaKUX PE3YJIBTATOB «CTOPEI ObI OT CTHIA» 33 CBOIO KBAJTH(PHKAIIHIO.
o

Uro kacaercss MHOTOCTPaJaJIbHbIX HEUTPUHHON M TEPMOSEPHON MpPOOJIEM, TO UCTUHHBIMU
IPUYMHAMHU CBEPXJOJITUX HEyAad OKa3aluChb HE TEXHUYECKHE TPYAHOCTH IOCTPOEHUS
AKCIIEPUMEHTAIbHBIX YCTPOICTB, a TEOPETUUECKHUE OILINOKH.

B HeliTpunHON npobiieme - 3TO NMPUHLMIHNAIbHAS HEBO3MOXXKHOCTb JIOCTHMIKEHUS BEPHOIO
NOHMMAHUS pEaKlUU NpeBpallleHHs HEWTpPOHAa B MPOTOH B paMKax KBaHTOBOW Teopuu [9]. B
TEPMOSIIEPHON mpobjeMe — NpPUHLUNHMAIbHAS HEBO3MOXKHOCTh, H3-32 HEaJeKBATHOCTH
KBaHTOBOH MapaJurMbl, JAOCTH)KEHHSI BEPHOTO IMOHMUMAaHMsS MCTUHHBIX pPEaKIMH BbIACIECHUSI
TEPMOSIIEPHOM SHEPTHH B «BOAOPOAHOI» OomOe [13].

°

N3-3a stux ke omubok, [apBapiackue (U3MKHM, SKCIIEPUMEHTAIBHO OOHAPYXKUB
CBEPXTEKY4€eCTh BOJIOPOJa, IPUHSUIIN €€ 3a CBEPXIIPOBOAUMOCTD.

KBaHTOBasi Teopus CUMTAET, YTO BHEIIHEE JABJICHUE MOXKET IOJHOCTBIO HOHU3UPOBATH
BOJIOPOJI, IPEBPATUB €r0 B MHOKECTBO CBOOOIHBIX MPOTOHOB U 3JIEKTPOHOB, U UTO AaJIbHEMIIEe
YBEJIMUEHUE JTOTO JABJIEHUS MOXKET IMEPEBECTH ITO MHOYKECTBO INPOTOHOB U JJIEKTPOHOB B
«METaJUIMYECKUI» BOAOPOI, 00JIaJal0LINil CBOWCTBOM CBEPXIPOBOIUMOCTH.

ITpoBepuM cnpaBeUIMBOCTb, aJE€KBAaTHOCTh ITHX KBAHTOBBIX IIPEICTaBICHUI METOAAMHU
«KIJIACCUYECKOM» PU3UKHU — METOJJaMH TEOPUH HEIMHEWHBIX KoeOaHuil.

Haynem ¢ HaromMuHaHMS, HACKOJIBKO CHJIBHO PA3JIMYAOTCS KBAHTOBBIM M «KJIACCUYECKHII»
BU3YaJlbHbIE 00pa3bl aTOMa BOOPO/IA.

XXVI1.2. HeB0o30ys/1eHHBIH aTOM BO10pOJa

@U3MKH YCNEIIHO BBLICHWIN, M3 KaKUX 3JIEMEHTOB COCTOMT aToM Bojaopoaa. Opnaxo,
OTKa3aBIIUCh OT y4yeTa MarHUTHBIX B3aMMOJEHCTBHUI MEXAy MPOTOHOM U 3JIEKTPOHOM, OHU HE
CYMEJIH MOHATh UCTHHHOT'O YCTPOMCTBA 3TOTr0 aToMa. BmMecTo ajiekBaTHOrO BU3yaJlbHOTO 0Opasza
ATOr0 aroMma, OHU MCMOJb30BAIM HEYETKYIO0, BEPOSTHOCTHYIO CXEMY PACIOJIOKEHHUS 3JIEKTpOHA
OTHOCHUTEJIbHO TPOTOHA, B KOTOPOW TIOJIOKEHHE SJIEKTPOHA pa3Ma3zaHO IO LeNoil obsacTH,
coaepxamieii mpoTtoH B 1meHTpe. [lpm 3TOM, OHH, ¢ OecmpereAeHTHOW HaCTONYMBOCTBIO,
yTBEpPXkKAAJH, 4TO TaK, Ha caMOM Jele, yerpoeHa lpupona.

OTO CHUJIBHO CMYTUJIO TaKUX TPaHNIOB «KJIACCHUYECKONW» (U3MKU, NPUOOPETIINX CBOIO
¢usmueckyro  KBaMM(UKALMIO HAa  YETKOM  BHU3YaJIbHOM  OOpasHOCTH  MCCIIETyEeMBIX
WHIUBUIYAJIbHBIX 00BEKTOB, Kak [lmank, ne bpoiine, DinmTeitH, bom,... . OgHako, Moiomoe
MOKOJIeHHE (PU3UKOB, Y KOTOPBIX OTCYTCTBOBAJIa YETKas «KJIACCHMUYECKas» oOpa3zHas MHTYHIIMA,
HaJ HUMM 3JI0 MOCMESJIOCh, M, OTKA3aBIIMCh OT HCIOJb30BAHUS YETKUX «KJIACCHUYECKUX)
00pa30B UCCIEeNyeMbIX 00BEKTOB, MIPEANOWIO HEYETKHE, pa3MbIThie 00pa3bl KBAHTOBOI TEOPHUH.



[Tpomuio MHOTO BpeMEHH, MOKa He OBbLI MOCTABJICH YKCIEPUMEHT [2], pe3yabTaThl KOTOPOTO
Oe3anbTepHATUBHO JI0KA3aJl OTCYTCTBHE B MaTe€pUaIbHOM Mupe HeJelIMMbIX KBAHTOB HEPTUU.
Buaumo, pu3MKOB 3TO HACTONBKO HAIYTANO, YTO OHHU, HECMOTPS Ha TO, YTO €r0 PE3YJIbTaThl
OBLIM OMYOJIMKOBAHBI B IEHTPAJIbHOM aKaJAeMHUYECKOM (PU3MYECKOM JKypHaje, HE «3aMETUIIN»
ITUX PE3YyJIbTATOB.

°

Teopuss HenMMHEHHBIX KOJIeOaHUH, COXpaHMBIIAs BEPHOCTh MeTojgaM HpioToHa — mMeromam
«KJaccuyeckoit» Gu3MKM, OOHapyXujaa, YTO KBaHTOBasg (u3uMKka HE cyMmesaa IOCTPOUTh
«KJIACCHUYECKYI0» MOJIeNIb aTOMa BOAOPOAA U3-3a 0TKa3a OT y4era 3(pupa, ¢ ero COnpoTUBICHHEM
JIBUKEHUIO MUKPOOOBEKTOB U OT y4eTa MAarHUTHBIX B3aUMOJACUCTBUN MEXKIY MUKPOOOBEKTaMHU.
OOHapyXuB 3TO, OHA MOCTPOMJIA aIEKBATHYIO MOJIETb aToOMa BOAOPOJa. DTa MOJIEb OKa3ajlach
YpEe3BbIYANHO MPOCTOM U HATJIAIHOM [3].

HeBo30yxeHHBII aTOM MPOTHUSI COCTOUT M3 OJHOIO NMPOTOHA M OJHOTO 3JeKTpoHa. [IpoToH
o0nasaeT eIUHUYHBIM «IOJOXHUTEIbHBIMY JJCKTPUUECKUM 3apaaoM (+e), DIeKTpOH -
CIMHUYHBIM «OTPHUIATEIBHBIMY IIEKTPUUCCKUM 3apsaoM (-e). [IpoToH u 351eKTpoH 00s1anaT
COOCTBEHHBIMU MArHUTHBIMH IOJISIMHM C BEKTOPaMH MarHUTHBIX MOMEHTOB M, U M.. brnaronaps
MarHUTHOMY OpHeHTanuoHHoMYy 3¢ dexry [20], BekTOpEI g, U g, pacronararoTcs Ha IPSIMOH,
MPOXOJAIICH Yepe3 MPOTOH U IEKTPOH (puc.l, 0 — MPOTOH, * - IIEKTPOH, CTPEIKU — BEKTOPHI
MarHUTHBIX MOMEHTOB IIPOTOHA U 3JIEKTPOHA):

0— «—e
Puc.1

MeX1y IPOTOHOM H 9IEKTPOHOM AEHCTBYET CHITA SEKTPHIECKOro TIPHTSKEHNMS ax ~ (a=e”
X — pacCcTOsHME MEXIy MPOTOHOM WU 3JIEKTPOHOM) M, M3-3a JMaMarHeTu3Ma 3JIEKTPOHA U
IPOTOHA, CHJIA MATHATHOTO OTTAIKHBAHHS X - (B=yupic).

Orta MoJzenb aTomMa MpoTHs 00JaJaeT eIMHCTBEHHBIM IJ00albHO YCTOWYMBBIM (Oiaromaps
ydeTy 3(upa) COCTOSHUEM PaBHOBECHSI, B KOTOPOM, TP HOPMAIBEHOM aTMOC(HEPHOM JaBIICHUN
M TOpH OTCYTCTBHH BHEUIHMX BO3AeiicTBHil, x=x*=5292.10"''M — Bemmumne BopoBckoro
panuyca.

XXVI11.3. HeBo30y:k1eHHbI aTOM BO0pOAa
10/1 BHELIIHUM /IaBJIEHUEM

WNonuzanus atoma mpoTusi - pacmaj dTOr0 aToMa Ha CBOOOJHBIA TPOTOH M CBOOOJIHBIN
HEUTPOH, MOXXET MPOUCXOJUTh WM MPU YBEIUYEHUU PACCTOSHUS MEXKAY HIPOTOHOM U
AIIEKTPOHOM, WM TpU YAAPHOM pa3pylIeHMH MarHUTHBIX CBS3€M MEXJy MPOTOHOM U
ANEKTPOHOM. MOXKET JId 3TO pa3pylIeHUE MAarHUTHBIX CBSI3€M NPOM3OWTH B pe3yabTare
YBEJIMYEHUS BHEIIHETO JaBJICHUS?

Kornma BHemrHee fJaBieHWE Ha aroOM TPOTUS CTAHOBHUTCS OOJbIIE HOPMAIBLHOTO
aTMOC(EpHOTO, K 9IEKTPHYECKOMY MPHTSDKCHHIO OX ° MEKAY IPOTOHOM H 3JIEKTPOHOM
nobaeiisieTcs: BenuunHa f, moposkaaeMasi BHEIIHUM JaBjieHHeM. M3-3a 3TOro aToM C:KUMaercs -
BEeITMYMHA X* CTaHOBUTCS MEHbIIIe bopoBckoro paauyca.

0

CymiecTByeT 5 Takoe BHEIIHEE JaBJIEHWE, MPU KOTOPOM MArHUTHBIE CBSI3HM MEXKAY
IIPOTOHOM M 3JIEKTPOHOM pa3pyLIaoTCs, B pe3yibTaTe YEro aTOMbl BOJOPOAA MOHM3UPYHOTCS,
T.€. PacChINAOTCs Ha CBOOOIHBIE TPOTOHBI U JIEKTPOHBI?

[IpssMoro orTBera Ha JTOT BONPOC HET, TaK KakK <«aBJICHUE» SBISIETCS TOHATHEM
KOJUIEKTUBHBIM, OTHOCSIIUMCSI HE K OTACIbHOMY MUKPOOOBEKTY, a K O0JIBIIOMY UX MHOXKECTBY.
OpnHako, Hapsiy C KOJUICKTUBHBIM TOHSTHEM «IAaBJICHHUE», CYIIECTBYIOT WHIMBUIYaJIbHbBIC
MOHSTUS «pab0Ta» U «IHEPTUs», IPUMEHUMbBIE K OTACIbHBIM 00bEKTaM MUKPOMHUpA. « JHEPTUS»
- TOHATHE JMHAMUYECKOE, COJIEpKaHUE €ro pacKpbIBaeTCsl Yepe3 aHalu3 JBMXKYIIUXCS



00BekTOB. «PaboTay - TOHITHE CTAaTUYECKOE, XapaKTEpHU3YIOIlee BEIUYHHY OSHEPTHH,
HEOOXOIUMONM Ha TMepeMellleHne MAaTepUalbHOr0 OO0BEKTa C MOMOIIBI0 CTaTHYECKOTO
BO3JICHCTBUS.

°

ITonpiTaemMcst HaUTU OTBET HA IIOCTABICHHBIM BOIPOC C IIOMOLIBIO IOHATHH «IHEPTUS» U
«paboTay. DKCIEPUMEHTHI MO0 CTOJKHOBEHUSM BBICOKOIHEPTUYHBIX MPOTOHOB M 3JIEKTPOHOB,
MO-BUAMMOMY, HE NpOBOAUIUCh. (OIHAKO, W3BECTHBI pPE3YIbTaThl SKCIEPUMEHTOB IO
CTOJIKHOBEHUS IBYX BBICOKOHEPTUUHBIX IPOTOHOB.

DKCTIEpUMEHTAIEHO 3aUKCUPOBAHO, YTO B PE3YyJbTaTe CTOJKHOBEHUS JIBYX IPOTOHOB,
commkamomuxces ¢ dHeprue 290M»3B, oaumH W3 TPOTOHOB pacmagacTcss Ha HEUTPOH U
AQHTHURJIEKTPOH.

KBanrtoBoil ¢u3nuke He M3BECTHO, YTO MPOTOH SBJSETCS HE DJIEMEHTAPHBIM, a COCTaBHBIM
MHUKPOOOBEKTOM - CUMOMO30M HEHTpOHA U aHTHAJIeKTpoHa (puc.2) [3]. [loaTomy oHa ommbo4IHO
MIOCYUTAJIA, YTO B PEAKLIUH CTOJIKHOBEHHUS JIBYX IIPOTOHOB MPOUCXOJUT UCUE3HOBEHUE OJHOTO

)
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Puc.2. HeuTpoH-aHTH3/1eKTpOHHAA
CTPYKTypa IpOTOHA

IIPOTOHA M TOSABJIEHWE, BMECTO HEro, HEWTPOHA M MO3UTpPOHA. JleTampHO HaA JTOM
OCTaHaBJIMBAThCs HE Oy/1eM — 00 3TOM HaMKMCaHO JOCTaTOYHO.

Bce mnpoTOHBI HMMEKT OAMHAKOBBIE CTPYKTYpbl, HO OTJIMYAKOTCA Jpyr OT JApyra
HE3HAYUTENIbHO, C HaIled TOYKH 3PEHUs COBEPIIEHHO HEOIyTHMMO, CBOMMHM Napamerpamu. s
Hac 3TH OTIMYMs He3aMeTHbl. Ho u3-3a HHUX, B 3a()MKCUPOBAHHOH peakIMH CTOJKHOBEHHUS
npoTOHOB ¢ 3Hepruit 290M»sB, pacnancs TOJBKO OJUH MPOTOH, a JAPYroM, u3-3a MOAOOHOMN
CTPYKTYPBbI, ObLT OJIN30K K pacnany.

OT0 00BSACHSAETCS TEM, YTO MPOTOH COCTOUT U3 HEHUTPOHA M AHTHUDJIEKTPOHA, CBA3AHHBIX
MEXJy COOOW MarHUTHBIMHM B3aMMOJEHCTBHSIMH, M YTO MEXAY COMMKAIOIIMMUCS MPOTOHAMHU
JefCTBYeT MarHUTHOE OTTaJIKMuBaHue. 13-3a 3Toro, npu cONMkeHNN MPOTOHOB, AHTUAIEKTPOHBI
B HUX YJQJIAIOTCS OT CBOMX HEWUTPOHOB. [3-32 MUKPOCKONMMYECKHUX OTIMYMHA HX IapaMeTpoB
Ipyr OT Jpyra, BEJIMYUHBI ATHX yJalleHUH pa3Hble. TOT MPOTOH, B KOTOPOM 3Ta BEIMYMHA
Oosnble, pacragaercss NepBbIM. ECM HEMHOrO YBENIMYHUTH SHEPIHIO CONMKEHHUS, TO JOJKHBI
pacnactbesa 006a MPOTOHA. DTO TOBOPUT O TOM, UTO IHEPIHs CBA3H HEUTPOHA C aHTHUAJIEKTPOHOM
B IIpoToHe Oin3ka He k 290, a k 145M»B.

B kBaHTOBOH TEOpHUHU ATO MOHATH HEBO3MOXKHO, TaK KaK OHA CYMTAET, YTO BCE MPOTOHBI
a0COJIFOTHO OJTMHAKOBBI.

Pacnag omgHoro w3 coOmmxkarommxcs MNpoToHOB ¢ 3Heprued 290M»sB mpoucxomut mnpu
pPacCTOSIHUM MEXIy HUMH, pPaBHOM 3,96:10 °m. Ilepen paspyuieHueM OJHOTO H3
CONMMXKAIOMIMXCS TMPOTOHOB, MEXJYy HUMH JEHCTBYEeT CHUJIBHOE MAarHUTHOE OTTaJKHUBaHUE
(37eKTpUUecKOe OTTAIKHBAHUE 37E€Ch HAMHOTO ciabee). A Tak Kak HEWTPOH U aHTHUAJIEKTPOH
CBSI3aHBbl B IPOTOHE TOJbKO MarHUTHBIMH B3aMMOJAEHUCTBUSAMHU, TO, IPH Pa3pyLIEHUH MarHUTHBIX
B3aUMOJICHCTBUI MEXIy MPOTOHAMH, pacmaja OAHOrO M3 MPOTOHOB, B PE3YyIbTaTe CONMKECHHUS,
He Obu10 Obl. Crie10BaTeNbHO, BO BPEMs 9TOrO COJIMKEHNUS, MATHUTHBIE B3aUMOACHCTBUS MEXKIY
IPOTOHAMH COXPAHSUIUCh 0€3 pa3pylIeHHs.



Ecnu sHeprus cBs3u HEHTpOHA W aHTURICKTPOHA B MPOTOHE ICWCTBUTENHHO OJM3Ka
145Mb5B, TO, mpu MOHOTOHHOM COJIMKEHUU B aTOME BOJOPOJA DJIEKTPOHA C MPOTOHOM, H3-3a
pocra BHemHero xasnenns, npu x=1,62-10""*M mpomsoiiner pacmax mpoToHa Ha HEMTPOH H
aHTURJIeKTpoH. IIpu 3TOM, OT aroma BOIOpOAA OCTAHETCS TOJIBKO HEUTPOH, a JJIEKTPOH U
AQHTHUAJIEKTPOH, OObEAMHUBIINCE B (OTOH, YHAYT U3 00beMa, COEPKABILETO ATOMHBIN BOJAOPOI,

3Ha4yuT, B Ipouecce COIMKEHHUs 3JIEKTpPOHA C IPOTOHOM, B pe3yJbTaTe HAPACTAHUS
BHEIIIHEro JaBJICHUsI, HOHU3AIUsI aTOMAa BOAOPO/a, T.e. €ro pacnaja Ha cBO0OJAHbIC IPOTOH
U JJICKTPOH, He IPOUCXOJHUT.

Takum o00pa3oM, B pe3ynbTaTe OrPOMHOIO HapacTaHUs BHEIIHErO JABJICHUS [0
KPUTUYECKOrO 3HaYCHUA Py, MHOKECTBO aTOMOB BOJOPOJA IPEBPATHTCSA B COOTBETCTBYIOLICE
MHOKECTBO HEWTPOHOB, a DJJIEKTPUUECKU 3apSOKEHHBIE DJJIEKTPOHBI M aHTUAJIEKTPOHBI
«BBICBETATCA» B BUAe (oToHOB. IIpu BHEHIHEM naBleHMM, MEHbLIEM P, aTOMBl IPOTHS,
CKABILNCh, COXPAHAT CBOU CTPYKTYPBI.

0

Ho, B sxcniepumente ["apBapackux (puU3MKOB, IPH CHILHOM JaBJICHUH ObLIO 3a(UKCHPOBAHO
pEe3KOe MaJeHUE CONPOTUBIICHMS JJICKTPUYECKOM INPOBOJUMOCTH. be3 HOHM3auuM aToMOB
BOJIOPOJIa 3TO COBEPIICHHO HENOHATHO. B uem neno? IlonmpoOyem BBIICHUTH, KaKkyi pojib B
3TOM MOTYT HUI'PAaTh MOJIEKYJIBI BOJLOPOAA.

XXVIL.4. MoJsieKyJibl BOAOPOJa
Y IPOBOJUMOCTb BOJ0pPO/a
MO/ CHJIbHBIM BHEIITHUM JaBJIeHHEM

Yem sxe 00bsAcHUTH HaOmomasmieecss [apBapAckuMHU (QHU3MKAMHU PE3KOE YMEHbBIICHHE

JJIEKTPUYECKOrO CONPOTUBIICHUS BOJOPO/A MO CUJIbHBIM JIaBICHHEM?
0

HM3-3a ommb04HOM MHTEpHpeTauu AMIIEPOM pe3ynbTaToB dKcnepuMeHTa Dpcrena (1821r),
¢u3uka yxe OoOJbIIE CTOJETHS IPEHEOperaeT MAarHUTHBIMHU B3aUMOJCHCTBUSAMHU MEXKAY
MHKPOOOBEKTaMH B Teopuu Mukpomupa. KBaHTOBas (u3uka HE OCO3HAeT, YTO 3TO
IIPEHEOPEIKEHNE CHUIBHO CHI)KAET TOYHOCTh €€ KOJMUYECTBEHHBIX PACYETOB U HCKaXKaeT
UCTUHHOE MOHUMAHHUE PE3yJbTaTOB MPOBOAMMBIX HccIefoBaHUN. UTOObI, XOTS OBl YaCTHUHO,
KOMIIEHCUPOBAaTh 3TU OLIMOKH, KBAHTOBAsl TEOPHUs INEpeluIa K MCIOJIb30BaHUIO 3P3all-NIOHATHH
BPOJIC «HEUTPUHO» U «CIIHH».

XXVIlL.4.1. MosieKy.Jibl BOAOpPOAA
MPU HOPMAJIBLHOM aTMOC(EPHOM NABJICHUH —
OPTOBOAOPO/ U MAPaBOAOPOI
[Tpu HOpMasIbHOM aTMOC(hEepHOM J1aBlIEHUH, KaXaasi MOJIEKyJia BOJOpO/ia COCTOUT He Ooree,
yeM u3 1ByX aroMmoB. B.I'eiizen6epr u @.I'yH1 npeanonaokKuiIn, YTO MOJIEKYJIBI BOJOPOJa MOTYT
CyILIECTBOBaTh B JBYX pa3HbIX (opmax. OHM Ha3BalM 3TU MOJIEKYJIBl OPTOBOJOPOJOM U
napaBofopooM. OpTOBOLOPOAOM OHU Ha3BIM MOJEKYJbl, B KOTOPBIX CIIMHBI IIPOTOHOB
napaJuieabHbl JIPyr JAPYyTy, a MapaBOJOPOJAOM - MOJIEKYJbl C AHTHIIAPAUICIbHBIMU CIHUHAMU
nporoHoB [21]. CymecTBoBaHHWE JBYX BHIOB BOJOPOIHBIX MOJIEKYJ TOJITBEPKICHO
AKCIIEPUMEHTANILHO [22].
Teopusi HenMMHEHHBIX KoJieOaHMI OOHapyXuia, 4TO KBAaHTOBas TumoTe3a [ eizenOepra u
['yHIa 0 CTpyKTYype nmapaBoiopojia OKa3anach OUTMOOUHOM.
°
CornacHo TeopuM HENMHEHHBIX KOJNEOaHUH, HMCIONB3YIOIEH MEeTOJbl «KIACCHUYECKOi»
¢u3uku, oba TpoToHA M 00a DdJIEKTPOHA KAKIOM MOJICKYJbI, Oyiarogaps COOCTBEHHOMY
MarHeTu3My MpOTOHA U 3JIEKTPOHA U MAarHUTHOMY OPUEHTAIIMOHHOMY 3P (EKTY, pacroaraioTcs
Ha OJHOW W TOM e mpsiMoi. Ha 3Tol ke mpsamoil pacnonararoTcsi U BEKTOPhl UX MarHUTHBIX
MOMEHTOB. AHalu3, NPOBEICHHBIN Teopuell HETMHEWHBIX KoJeOaHUil, OOHapyXuia, 4YTO
MOJIEKYJIBI BOJAOPOJA, AEHUCTBUTEIBHO, MOTYT MMETh JABE pasHble CTPYKTypbl. OgHa M3 HHX



o0ajaeT yCTOWYMBBIM CTaTHUECKUM PAaBHOBECHEM CO CTPYKTYPOM, M300paKEHHOM Ha PHUCYHKE
3 (0— mpOTOH, ® - BIEKTPOH, CTPEIIKU — BEKTOPHI MATHUTHBIX MOMEHTOB):

e «0 «0 -

Puc.3

MarHuTHBIe 110J11 IPOTOHOB 3/leCb UMEIOT OJWHAKOBble HallpaBeHus. [l03TOMy 3TOT BapuaHT

BOJIOPOJHOM MOJIEKYJIBI MOKHO YCJIOBHO OTOX/AECTBUTD C OPTOBOZ0POOM.
0

BogmoponHaa MoJsiekyJsla ApYroyd CTPYKTYpbl CTaTH4YeCKOro paBHOBecMss He uMeeT. OHa
CYyL1eCTBYeT B peXUMe NOCTOSIHHbIX He3aTyXalUMX IepuoJuyecKMX BO3BPaTHO-NIOCTYNAaTelbHbIX
KoJle6aHUH BceX €€ 3J1eMeHTOB BJO0Jib NPSAMOW, Ha KOTOPOM HaxoJATCA Bce €€ 3JIeMEHTHI.,
[Ipoucxoput sTo ciaepywwuM ob6bpasoM. [locse 3aBeplieHHs OJHOrO U3 MOJYNEPUOJOB, 3Ta
MOJIeKyJla NpUHUMAET BUJ, NpeJCTaBJeHHbIM Ha PUCYHKe 4:

[0 —e [0 B °—
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Ha HOBOM moJiynepuo/ie, NpaBbli 3J1€KTPOH HAaUMHAET MPUBIMKATHCA K IPaBOMYy MPOTOHY, a
JieBble MPOTOH M 3JIEKTPOH HAYMHAKIOT YJAJATHCA OT MPaBOro MpoTOoHA. B pe3dysbTaTe 3TOrO,
MOYTH MTHOBEHHO, CyMMa MarHWTHBIX TMOJIEH JIEBOIO MPOTOHA U OOOMX 3JIEKTPOHOB, B TOYKE
pacnoJiokeHUsl MPaBOro MPOTOHA, NMPUHUMAeT HaNpaBJeHHWE, OJJMHAKOBOe C HalpaBJieHHeM
MarHMTHOTO MOJIs MpPaBOro MPOTOHA, U M3-3a AUMaMarHeTu3aMa NPOTOHA, MarHUTHOEe TMoJie
MPaBOTO MPOTOHA OMPOKHU/IBIBAETCS, KAK HA PUCYHKeE 5:

o0 o <0 o
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[locsie 3TOrO, HAYMHAETCS CJAEAYIOUIUNA MOJIYePHO/]| ABUKEHUS 3JIEMEHTOB 3TOU MOJIEKYJIBL.
B 3TOM moJiynepuo/ie, JeBble 3JIEKTPOH U MPOTOH NPUGJIMIKAKTCA K TPaBOMY MMPOTOHY, a MpaBbIX
3JIEKTPOH OT MpaBOro MpPOTOHA yAajsieTcs. B pe3ysbTaTe 3TOro, MarHUTHOE MoOJie MPABOTO
MPOTOHA, B KOHIIE 3TOr0 MOJYNepHo/ia, ONATb ONMPOKH/bIBAETCS, 3aBeplias BeCb MEpPHOJ, U
CTPYKTypa MOJIEKYJIbI BO3BPAI[AeTCs B UCXOZIHOE COCTOSTHHE
Takoi HenpeprBHbIﬁ «Ape6e3[‘» HanpaBJIeHU MAarHuTHOrO I10Jid OAHOTO M3 NMPOTOHOB MOJIEKYJIbI
napaBogoposa AOJIXKEH BbI3bIBATb '{pestlqaﬁHo Cl'IeI_U/ICbI/I‘{eCKOG 3JIEKTPOMAarHuTHOE€ BOJIHOBOE
H3JIydeHHe, O4YE€Hb [10X0Xee Ha TaWHCTBEHHBIN q)ﬂPIKKep-LLIyM, HWCTHUHHAA NpUupoga KOTOpOro A0 CHUX IOp
AOCTOBEPHO He YCTaHOBJIEHA..
3Ty MoJIeKyJy, B IPOTUBOBEC MEPBOMH, CIeAyeT CYUTATh NmapaBojopogoM. Ho ompegenenune
napaBo/iopo/ia, JaHHoe ['eiizeH6eproM U ['yH/I0M, 3/1€Ch - B «KJIaCCUYECKOH» TEOPUU MUKPOMUPA,
He paboTaerT.
o
A Tak kak, no MHeHuto B.lllekcnupa, «yMepeHHOe COMHEHHE SIBJSETCA MyTeBOJAHOU 3Be3/10H
MyAapena», To omunbka 'eiizen6epra v I'yHJa JUIIHUA pa3 MOATBEPXKAAET, YTO K pe3yJibTaTaM
KBAaHTOBOU TEOPHH CJIeJIyeT OTHOCUThCS C KyMEPEHHBIM COMHEHHEM.

XXV11.4.2. MoJiekyabl Bogopoaa
MO BHICOKMM BHEIITHUM JAABJIEHHEM
[To »iekTpuYEeCKMM CBOMCTBaM, MOJEKYJSPHBIM BOJIOPOJ] OTHOCUTCS K AMDJICKTPUKAM -
BellecTBaM co c1ab0il MPOBOAMMOCTHIO. BhIle Moka3aHo, 4TO TOJ BO3JCHCTBHEM BBICOKOTO



JABJICHUST MOHU3ALMS aTOMOB BOJOPOJa HE MPOUCXOAWT, YTO B ITOW CHUTyallMH OH MOKET
pacraaathCcsi TOJILKO Ha HEUTPOHBI M (DOTOHBI. DTO HE JIa€T BO3MOXKHOCTH JTOCTUYb TTOHUMAHUS
MNPUYMH DKCIEPUMEHTAIbHO OOHapyx)eHHoro [apBapiackuMu (U3MKAMU OTPOMHOTO CKadKa
MPOBOJIMMOCTH BOAOPO/IA TI0J] OYECHBb OOJIBIINM JABICHHCM.

[To-BumuMOMY, €IMHCTBEHHass BO3MOXHOCTh TIOHSTH OSTOT pE3yJbTaT CBs3aHA C
obnapyxennemM (B XXVIL.3) Toro, 4ro BHEIIHEe [aBIICHHE YMEHBIIAET pa3Mephbl aroma
BOJIOPOIa, YBEIMUUBAS JICKTPUICCKOE MPUTSHKEHUE MEXKTY IPOTOHOM H AJIEKTPOHOM.

BHeniHee naBieHue HE TOJBKO YMEHBINAET pa3Mepbl aTOMOB BOJOPOJA, HO M YMCHBIIAET
paccTOsSTHUS MEXJIYy HUMHU. DTO JIOJDKHO MPHBOJIUTH K 00Pa30BaHUIO «OJHOMEPHBIX» MOJCKYII
BOJIOPOJIa MAKPOCKOITUYECKOH JUTHHBI (pHUC.6):

Puc.6

XXVI11.4.3. OTkpsbiTHE
CBEPXTEKY4eCcTH BOI0POaa

Mornekynbl BOAOpOJa, MPEACTaBICHHbIE Ha pPHUCYHKE 6, 00Jagal0T BCEMH CBOWCTBAMU
CBEPXTEKYYECTH: - OHU «OJHOMEPHBI», - HUMEIOT MAaKPOCKOIMHMYECKYI0 JIMHY, - Oyaromaps
MAarHUTHbIM  B3aUMOJCHCTBUSAMM MEXKIYy HUMHU M HUX DJIEMEHTaMH W  MarHUTHOMY
OpUEHTAITMOHHOMY (D (DEKTY, CTPEMSITCS PACIPSIMHUTHCS, B OTPAHUYECHHOM 00beMe, - H3-3a ITOTO
CBOKMCTBA JIOCTATOYHO TUIOTHO 3aIOJHSIOT BECh 00bEM, a TaK KaK JIEMEHThI 3TOH CBEPXUIMHHON
MOJIEKYJIbI CBSI3aHBI PJICKTPUYECKUMH M MAarHUTHBIMU B3aUMOJICUCTBUSIMHU, TO JIFOObIC BHEIITHUE
BO3MYILIEHUSI pACTEKalOTCi 1O BceMy O00BEMy CO CKOPOCTBIO  AJIEKTPOMATrHUTHBIX
B3aNMOJICHCTBHH.

Takum ob6pazom, ["apBapickue QU3NKH IKCIEPUMEHTAIBHO OTKPBUIH, JIOJTO MPSATABIIYIOCS
OT HCCJIEIOBaTENe, CBEPXTEKYUYECTh BOJOPOJA, HO, HM3-3a HEJAOCTATOYHOW «KJIACCUYECKON»
00pa30BaHHOCTH, COUJIU €€ CBEPXIPOBOAUMOCTHIO.

o

Hayuynass rpamMoTHocThb M HHTYMHHUsA. OTCYTCTBHE HEOOXOIMMOH «KIACCHYECKOH» O0Opa30oBaHHOCTH U
3¢ GEeKTUBHON «KJIacCHUeCKOW» (U3N4ecKoil WHTyHIMH — Oema Bceil MUPOBOH (QU3HKH, BKIIOYAs TaKHUX
3HaMeHHTOoCcTeH, Kkak [lmaHk, me bpoitns, DHHIITEHH M [apyrue MeHee W3BECTHbIE (U3UKH, NPOIICAIINE
«KIIACCUUECKYIO» MOArOTOBKY. Jlake rpaH/bl MUPOBO# (QHU3MKK HE CyMenu, B CBOE BpEeMsl, JOCTHYb aJleKBATHOTO
MOHUMAaHHUA YCTPOHCTBA C€aMOTO MPOCTOI0 COCTAaBHOTO MMKpPOOOBEKTa — aToMa MpPOTHA, aJeKBaTHas
MaTeMaTHuecKass MOJEeNb KOTOPOTO OKa3ajlach HACTOJBKO INPOCTOH M TPUBHAIBHOW, YTO TOBOPHTH 00 3TOM
MPUXOUTCS, IPEOA0JIeBast OLTYIECHNE HEJIOBKOCTH.

o

KBanToBast ¢u3uka, Ha MepBHIH B3I, MONHA IpoTHBopeunid. Ha 3ape kBaHTOBOW TeopuH, €€ 3HAMEHHTHIC
co3JaTesid HEPeAKO IPH3HABAINCH, YTO IIOCTPOCHHE KBAaHTOBOTO (hOpMann3Ma, MHO3BOJISIONIETO MPOBOAUTH
3¢ GeKTHBHBIE pacyeThl, OBLIO BBIIOIHEHO, OJaroaps TOMY, 9TO OHH OTIIMYHO 3HAIIN «KJIACCHYECKYI0» (PH3HKY.

C npyroit CTOpOHBI, aHTITMHCKUN (HU3KUK J[9BU yTBEpP)KIAJ, YTO «OIWH XOPOIIMH 3KCIIEPHUMEHT CTOUT OOJbIIe
n3obperatensHOCTH HbloToHOBCKOro yma». Ero ctopoHHHMKM ¢ 3TMM cornamanucek [23,24], npeHeOpeXuTeasHO
HasbIBasi HU3MIECKHIE METOIBI, HCTIONB3Yomne popmannsm HeroToHa, «MexaHucTuaeckumm» [25].

OTH BBICKAa3bIBAaHHUS OBUIM CHENaHBl JIIOABMH OIHOTO Kpyra. Kak MOXXHO TOHSATH HpPEHEOPEKUTETBHOE
OTHOIIICHHE K TOMY, YTO XOPOIIO 3Haemb? ITO MOXKHO OBIJIO OBI MOHATH, €CIH OBI pedb IIIa O Pa3HBIX (PH3MUECKIX
JUCLUIUIMHAX WM O PasHBIX (U3MYecKux Teopusix. EciM BCIIOMHUTH 3BONIOLNUIO (M3WKH, TO CTAaHOBHTCS
OYEBHIHBIM, YTO B IPHBEACHHBIX BBICKA3bIBAHHUSAX PEUb MJET O (PU3MUECKHX TEOPHSIX Pa3HBIX YPOBHE, O Pa3HBIX
(U3MYECKUX TUCIUIUIMHAX.

B noBcenHeBHBIX 3a00Tax 3a0bIBa€TCs, YTO B IIEPBOIl ITOJIOBHHE NPOIIIOr0 BeKa B (M3HMKE MOSBUINCH JBE
JUCUUILIMHBI C IPUHIUIHAIGHO Pa3HBIMU KOJIWYECTBEHHBIMH (pOpMann3MaMy — KBaHTOBasl (M3MKa MHKPOMHpPa U
TEOPUsI HEJIMHCHHBIX KOJICOAHUIA.

O06e TUCTMIUTMHBI Pa3BUBAIM CBOM KOJWUYECTBEHHBIC METOMBI MCCIECIOBaHWN Ha 0a3e pa3HbIX (HOPMaTHM3MOB.
WCTIONB3YEMBIX  «KJIaCCHUECKoi» ¢u3nkon. KBaHTOBas Teopwsi MUKpOMHpa co3iajia CBOM ¢opMann3Mm Ha 0ase
KOHCEPBATHBHOTO (opManu3Ma (U3NKH. A TaKk KaK KOHCEPBATHBHBIH (QU3NYECKUl (popManM3M HE yYWUTHIBAET
MOTEPH PHEPTHHU TPH JBIKCHUH MaTEPUANIbHBIX TEN, TO OH SBISETCS HE TOYHBIM, HE aJICKBATHBIM KOJIHMYECTBEHHBIM
anmapaToM. OTy HEaJeKBaTHOCTb, BMECTE C KOHCEPBAaTHBHBIM (pH3M4eCKUM (OpPMann3MOM, yHACIEeIOBalda H
KBAaHTOBas Teopus. DTa HEAJCKBAaTHOCTb CKa3ajlaCh HPHM MHTEPIpPETAllMU Pe3yIbTaTOB AKCIEPUMEHTAILHOIO



UCCIIEZIOBaHUS «aOCOIIOTHO YEPHOTO Tenay. [ JOCTIKEHHST BO3MOKHOCTH NPABMIIBHOTO TIOHUMAHUSI PE3YJIbTATOB
3TOTO JKCHEPHMEHTa, (pU3MKa ObUIA BBIHYXJCHA HCIIOJIB30BATh T'MIOTE3Y CYIIECTBOBAHUS HEICIMMBIX KBAaHTOB
sHeprud. Ho 3Ta rumortesa okazanace HeBepHO# [2]. [ToaTomy, oT craTyca mpuOIIKEHHON KBaHTOBYIO TEOPHIO HE
cnacina. VMIcTHHHOHN MpUYMHON MPHOIMKEHHOTO XapaKTepa KBAHTOBOW TEOPUH OKa3alcs OTKa3, B e€ mapaaurme, OT
ydeTa MaTepHalbHOTO 3(Hpa, C €ro CONPOTUBICHHEM IBIKCHHIO MHKpOOOBEKTOB. [3-3a 3TOro, B KBaHTOBOH
TEOPHH HET TaKUX MOHSTHH, KaK «[EPEXOTHBIN PEKUM ABIKECHHUA» U «yCTOHYMUBOCTH». DTO IMOSBHIOCH BO MHOTHX
TEOPETHYECKUX pe3yjbTaTax, M, MpPEeXIe BCEro, B HECIOCOOHOCTH IOCTPOEHHS aJIeKBaTHOH MaTeMaTH4ecKON
MOJIEIIM TIPOCTEUIIIEr0 aToMa MPOTHsL, @ B IPAKTHYECKON JeSTEIbHOCTH — B UepHOOBUTBLCKOM Tpareauy.

«MexaHUCTHUECKUMU» ke (QHU3MKH IPEHEOPE)KUTEIBHO Ha3bIBAIOT KOJIMYECTBEHHbIE MeToasl HploToHa,
MPUCTIOCOONIEHHBIE YISl UCCIIEIOBAHHS PEaIbHBIX JUCCUIATUBHBIX CHCTEM. B 3TOM mpeHeOpeKeHHH 4yBCTBYETCS
OTKpOBEHHas YepHasl 3aBUCTh K 3¢ ¢dexTuBHOCTH HbroTOHOBa (hopmanmu3Ma — Belb (hU3MKa MUKPOMHpPA OKa3ajaach
HecnocoOHa, ¢ MOMOIIBI0 3TOr0 (opMani3Ma, MOCTPOUTH aIeKBaTHYIO MOJIENb JIaKe MPOCTEHIIero aToMa HpOTHsL.
Teopus HenmmHEHHBIX KoyeOaHWH, 3((EeKTHBHO MCTONB3YyS M pa3BuBas HBIOTOHOB (QoOpMaIm3M «KIaCCHICCKOID)
(U3UKY, TOCTOSIHHO pacHmupsAiaa Kpyr HCCIEAYyEMBIX SBICHUH, IEIOM J[0Ka3aB IUCCHIIATHBHOCTDh PEaTbHBIX
HPOLIECCOB B MatepruanbHoM Mupe [26-28],

°

OCHOBOTIOJIOXKHUKY TEOPUH HEIMHEHHBIX KOJIeOaHWH — akaJeMHKn MaHpaenplitaM U AHIPOHOB CO CBOWMH
YUYCHHKAaMH M IIOCJIEIOBATEIsIMH, C IIOMOIIBI0O MHOXECTBA KOHKPETHBIX MPUMEPOB, CO3JalH CHCTEMY
TpeleIeHTHOr0 O0YYeHHsI «KJIACCUYECKOH» I'PaMOTHOCTH, «KJIACCHYECKOI» (HU3MYEeCKOW WHTYHMIUH, Ojaromaps
KOTOPBIM M pa3pabortaHa, ¢ momoluplo HeroroHoBa opmainmsMa, «KiIaccHYeckas» Teopusi MUKpOMHUpA M3JI0KESHHAs
Ha MOMYJISIPHOM ypoBHE, B [3-18].

[TonoOHyI0 cCHCTEMY «IIpELEeeHTHOr0» 00y4YeHHs (PU3NUECKONH METOAOJIOTHYECKOH IPaMOTHOCTH, HACTOWYMBO
Npe/araBuIylocs akaJeMHKOM MaHaenplTaMoM emé B CpeAuHe npouuioro Beka [29], B ¢u3uyeckoil Hayke
BOCIPUHSIIN HECEPHE3HO M IPOUTHOPHPOBAIIH.

I'paMOTHOCTD ¥ MHTYHIHS — HE BPOXKICHHBIE CBOMCTBA. IMM OBIafieBalOT B pe3ynbTaTe JUIUTEIHHOTO 00yIEHUS
Ha MHO)KECTBE KOHKPETHBIX IPHIMEPOB.

3namenuToi Arate Kpuctu yganoch BecbMa JOXOJUUBO W HAIJIAJHO PAcCKa3aTh CBOMM YUTATEISIM, YTO TAKOE
MHTYHIMA, ¥ KaKk OHa BbIpabaThiBacTCs; «MHTYMIMA — 3TO Kak NPHUBBIYKA YUTaTh CJIOBA, HE CKJIA/ABIBAs HX IO
OykoBkam. JIUTsI 3TOTO HE yMEET — Y HETO CIHMIIKOM Mayio onbITa. Ho B3pOCIBIi Y4eloBeK y3HAET CIOBO C IIEPBOTO
B3IJI4/a, IOTOMY YTO BUJEI €r0 COTHU Pa3y.

o

CyliecTByeT HECKOJIBKO pa3HbIX SIBJ€HUW CBEPXTEKY4eCTH — B KUJKOM Treluu-4, B XUJKOM
reJiu-3 U B «HEUTPOHHOM >KUJKOCTH» B «HEWTPOHHBIX 3Be3jAax» Bce OHM ObLIM OTKPBITHI
akcnepuMeHTasbHO. CHavaja Oblla OTKpbITA CBepxTeKydecTb Tresus-4. CBepxTekyyas
KOMIIOHEeHTa Bo3HUKaeT B *He npu T<2,17K u faBieHUMU HAChILeHHBIX NapoB 38,8 MM pTYTHOTrO
cToJsba.

OTKpBITHE CBEPXTEKy4e€CTH B TelIMHM-3 BCTPETUIO OoJjiee 3HAYUTENIbHbIE TEXHUYECKHE
TPYIHOCTH M TPOU30LUIO MO3xke. B *He CBEPXTEKY4ECTb BO3HMKAeT INpu I <2,6:10°K n
nasiennn 2,58:10% mm pTyTHOTrO cTosba (34 atm).

°

CBolicTBa CBEpPXTEKYUECTH 3THX BEIIECTB BHELIHE CXO0KU. KauecTBEeHHOE CXO/CTBO C HUMU
CYILECTBYET U y CBEPXTEKYy4eCTH Bojgopoaa. [louemy cymecTByrOT 3TO Ka4ueCTBEHHOE CXOJICTBO
Y KOJIMYECTBEHHBIE pPa3IMyusl XapakTepUCTUK sBiaeHusA? M mouemy U1 cCyliecTBOBaHUS
CBEPXTEKYUECTH HYHbI TAKUE BHICOKUE BHEUITHUE JaBICHUS?

BremHee cx0acTBO UMEET MECTO, IIPEXK]IE BCETO, U3-3a TOTO, YTO BCE ITU CBEPXTEKYYECTH
00yCIIOBJICHBI HAIMYHEM «OJIHOMEPHBIX» MHOTOATOMHBIX MOJEKYJ MAaKPOCKOIMYECKOM JTHHBI,
MIPEBBIIIAOIIEN pa3Mephl COCYJI0B, U TEM, YTO 3JIEMEHTHI 3TUX CBEPXTEKYYMX MOJIEKYJ CBSI3aHbI
MEXIYy COOON DSIEKTPUYECKMMH W MArHUTHBIMH B3aUMOJCUCTBUSMHU. JIEKTPUUYECKUE
B3aUMOJICUCTBUSL TOPOXKIAIOT CHJIBI TPUTSIKEHHS MEXKIY DJJIEMEHTaMU 3THX MOJIEKYJ, a
MarHUTHBIE B3aUMOJICHCTBUS, HE TO3BOJISIS ITHUM JJIEMEHTAM CIUIIKOM COJIU3HUTHCS, UTPAIOT
POJIb MPYKUHOK, CTPEMSIIIUXCS 3TU CBEPXUIMHHBIE MOJIEKYNBI pacnpsMUTh. Bce HEOOBIUHBIE,
KaXYIIHecs HECOBMECTHMMBIMM, CBOMCTBAa CBEPXTEKYYECTH, IOJHOCTHIO OOBSICHSIOTCS STOU
crienu(PUKON CBEPXTEKYyUHUX MOJIEKYJ [6].

o

Paznuyusi KOMMYECTBEHHBIX XapaKTEPUCTHK OOBSICHSIOTCS, MPEXKAE BCETO, TEM, YTO aTOMBI,
COCTaBIISIIOIINE CBEPXIJIMHHBIC CBEPXTEKYUIHE MOJICKYJ Telusl U BOJOPOAa 00JIaaroT pa3sHbIMU
KYJIOHOBCKMMU JTUTMIOJIbHBIMU CBOMCTBAMHU. DTO OOBSCHSIETCA IBYMS (pakTOpaMHu — yCTPOMCTBOM
ATOMHBIX SIIEP U KOJIUUYECTBOM JJIEKTPOHOB.



B saape aTome *He copeprkaTcsl ABa NIPOTOHA U JIBA HEUTPOHA, a «3JIEKTPOHHOE 06J1aKO»
aToMa COJIepP>KUT JiBa 3JIeKTpOHA. MarHUTHOe MoJie si/jpa COCTOUT M3 JBYX HYKJOHHBIX
MarHUTHBIX KJACTEPOB, KAK/JbIH U3 KOTOPBIX COCTOUT U3 MArHUTHOTO MOJIST MTPOTOHA C
BEKTOPOM MarHMTHOIO MOMEHTAa HUp U HEUTpPOHAa C BEKTOPOM MAarHUTHOTO MOMEHTA HUn

(puc.7).
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Puc.7. Hyk/ioHHbIe MarHUTHbIE KJAAacTephl spa *He

Tak Kak NpPOTOH - JAuMaMarHeTHK, a HEWTPOH - [apaMarHeTHK, TO BeJMYUHA
CYMMapHOT'0 BeKTOpa MarHUTHOTO MOMEHTA 3TOT0 KJ1acTepa paBHa Up=fp—Hn .

B aToMme cBepxTekyuell MoJieKyJibl *He 06a 3/1eKTpOHAa HAaXOASATCH HA OJJHOM U TOM Ke
HYKJIOHHOM MarHUTHOM KJIaCTepe, C OZHOH U TOii >ke CTOpoHBI OT Aapa (puc.8, @) - aapo
“He, o - 3JIEKTPOH).
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B aape 3He cojepxatcs /Ba NPOTOHA U OJUH HEUTPOH, a «3JEKTPOHHOE 06JIaKo»
COZIEP>KUT TaKXKe JBa 3JIEKTpOHA. MarHuTHoe MoJie s/pa TaK e COCTOMT U3 [JIBYX
HYKJIOHHBIX MarHUTHbBIX KJ1acTepoB. OJJUH U3 HUX COCTOUT TOJIBKO U3 NPOTOHA, a Jpyron
Y3 IPOTOHA U HeUTpoHa (puc.9). Tak Kak paccTosiHUE OT GJIMKaWIlero 3JIeKTpoHa J10 s/ipa
Ha YyeTbIpe Nops/Ka 60blIe, YEM

Puc.9. Hyk/ioHHble MarHUTHbIE KJIacTephl sjipa 3He

JUaMeTp {/pa, TO U OJIMKAWUILIUN, U 60Jiee yAaJeHHbIN 3JIEKTPOHbI OIYLIAI0T MarHUTHOE
1oJie 3TOro AApa Tak, 6yATO OHO MMeeT TOJIbKO OJWH MarHUTHBIM KJIacTep C BeJTMYUHOU
BEKTOpa MarHUTHOT0 MoMeHTa U (3He)=2up-n.

B aTome cBepxTekydell MoJieKyJibl 3He 06a 3/1eKTPOHA HAXOJATCA HA OJHOM U TOM e

HYKJIOHHOM MarHMTHOM KJIacTepe, C OJJHOH U TOM e CTOpoHkI oT Azapa (puc.10, 3) - aapo
3He).
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Puc.10

PacniosioxkeHusi 3JIeKTPOHOB OTHOCHUTEJNIbHO fJiep Teauss Ha pUcyHKax 8 u 10
pas/JM4yalTCcs, HO He O4YeHb CUJIbHO. KOHEYHO, 3TO WrpaeT CBOX poOJib B pasjUuUU
KOJINYeCTBEHHBIX XapaKTePUCTUK CBepXTeKy4yux MoJiekysa *He u 3He. Ho cyuecTBeHHbIN
BKJIaJ| B 9THU Pa3JIM4uMusl BHOCUT TO, YTO BeJIMYMHA BEKTOpA MarHUTHOIO MOMEHTA f/ipa Ha
pucyHke 10 B fBa pa3a 60Jibllle BeJIMYMHbI BEKTOpPA MarHUTHOTO MOMEHTA Ha PUCYHKe 8
(u(PHe)=2pp=pin, p(*He)=pip-pin, un=3-10"*up).

Takas BennuuHa p(3He), npy HOpMaJIbHOM BHELIHEM /IaBJIeHUH, He TI03BOJIIeT aTOMaM
3He o00beAUHATBHCA B CBepPXTEKydde MOJIEKYJIbl, TaK KakK, NpPU 3TOM, MarHUTHOe
OTTaJIKUBaHME MeX/y aTOMaMHU NpeBbILIAET 3JeKTpuyeckoe npuTsxeHue. KomneHncanus
3TOr0 NPOMUCXOAUT TOJBKO IpPU JOCTAaTOYHO GOJIBLIOM BHELIHEM [laBJEHUH,
yBeJIMYMBAIOIEM NPUTSKEHUE MEXKY aTOMaMH.

o

YTo KacaeTcsl CBepXTeKy4eCTH BOJAOPOJA, TO aHAJM3 IOKasaJ, YTO OPTOBOAOPOJ H
apaBo/iopoJ;, B NOCTPOEHHWU CBEPXTEKYYHMX MOJIEKYJ He y4yacTBylT. Okas3asochb, 4YTO
CBepXTeKy4YHe MOJIeKYJIbl BOAOPO/JA 006/1aZ,al0T CTPYKTYPOH, IPe/iCTaBJIeHHOW Ha PUCYHKe
11. [Ipu aTMochepHOM JjaBJI€HUH, 3TU MOJIEKYJIbI HE 06Pa3yl0TCs U3-3a TOTO0, YTO
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MarHUTHOEe OTTaJIKMBAaHUE MEXAYy aToMaMU 60Jiblile, YeM 3JIeKTPUYECKOe MPUTSKEHUE.
[IpuTskeHUe MexAy aTOMaMU YCUJIMBAETCs 32 CYeT BHEILHEro JjaBjeHUs1. 3a CYeT 3TOro,
OpU [JOCTAaTOYHO O6OJILIIOM BHEIIHEM [JaBJeHUM, U QOPMHUPYIOTCS CBepXTeKydue
MOJIEKYJIBI BOJOPO/ia.

[apBapackue pU3UKHK IKCIIEPUMEHTANbHO 3TO JJ0Ka3aJIHU.

o

B «HeUTpOHHBIX 3Be3lax» AeUCTBYeT CUJIbHeHllee IpaBUTALMOHHOE JaBijeHUe. B
pe3yJibTaTe 3TOr0, MPOTOHBI pACChINAOTC HAa HEUTPOHbl U AHTHUIJIEKTPOHBL
AHTH3JIEKTPOHBI, BMECTe C 3JIEKTPOHAMHU, 00'beIMHASCh B POTOHBI, BHICBEUMBAKOTCA. B
pe3yJibTaTe IPaBUTALMOHHOTO JAAaBJIeHUS], HEUTPOHBI CONMMKAIOTCA [0 TAKUX PACCTOSHUH,
IPU KOTOPBIX MEX/y COCEJHHUMU HEUTPOHAMHU JleMCTBYET HYKJIOHHO€E OTTaJIKMuBaHUe. W3-
32 3TOro, MHOXeCTBO HEUTpPOHOB BeJleT cebs, KaK »XUAKOCTb. Ho HeUTpoHBbI -
napaMarHeTUKH, U MeXJly HUMHU [AeUCTBYeT MarHuTHoe npuTskeHue. [lon BaussHUEM
HEWUTPOHHOTO U MarHUTHOIO B3aWMOJIEMUCTBUN, HEUTPOHBI B «KHEMUTPOHHOU >KHUAKOCTHU»
00'beUHAITCA B JJUHHIOU[ME, MAaKPOCKONMUYECKOW [JUHBI, «OJHOMEpPHbIe» IeMOYKH,
cTpeMdiuecs, OJiarojgapss MarHUTHOMY OpHEHTAlMOHHOMY 3¢deKTy, MNPUHATh
NpsIMOJIMHENHYI0 GOpPMY, CO BCEMH, BbITEKAIOILIMMU MOCAE/CTBUSIMU. Bce 3TO NpUBOJUT K
TOMY, UTO B «< HEUTPOHHBIX 3B€3/]aX» CYLeCTBYeT HEUTPOHHAsI CBEPXTEKYUECTD [6].



